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tabilized metal-carbenes like the P's in eqs 2 and 3 are very much more
reactive toward phenylacetylene zhan toward cyclopentene (by a factor of 119-170)
or cyclooctene (by a factor > 10%). The result is strange but accords with ]
(also a stabilized metal-carbene) reacting much faster with acetylenes than with
alkenes. In contrast, unstabilized metal-carbenes like the C's in eqs 4 and §
are more reactive toward the cycloalkenes (cyclopentene 6-8 fold, cyclooctene ca.
> 24 fold) than toward the acetylene,

These figures were derived by analyzin
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Ja ~ Report Documentation Page 2, paragraph 20 continued (Abstract)

| \E%%e simplest theory accounting for why phenylacetylene induces metatheses
and why the yields and molecular weights of the polypentenamer formed by
combining (phenylmethoxycarbene)pentacarbonyltungsten with phenylacetylene

3 and cyclopentene decrease as the phenylacetylene concentration is increased.
| Evidence for the theory is found in gel permeation chromatograms of the
polymers showing that polyalkenamer and polyacetylene units are linked.
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Sir:

In this paper we report data showing that stabilized metal-carbenes
react much faster with acetylenes than with alkenes, while unstabilized
metal-carbenes select oppositely. This data was obtained im accounting
for acetylenes both inducing an otherwise ineffective metal-carbene to
initiate olefin metathesis and also quenching the reaction.l

We suppose that a metal-carbene combines with an acetylene (like
phenylacetylene) according to Scheme 1 of the preceding papet,l transform-

ing the initial metal-carbenme | into P; (eq 1 below). P, then reacts with
- -

CeMs
c,ns\c w(CO) N . C'H’>->-mcm"
CHy0” 5 CeHsC = CH CHy0 ' (1)
1 P,

more of the acetylene according to eq 2; P2 or a higher homologue, Pn’

- E ]
. C.H
k C.H
1] ( 3]
P' + C.H,C-CH ————— (CO),, (2)
CH50 CeHs
P!

reacts with the olefin, say a cycloalkene, giving El (eq 3); and Sl then

3
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propagates the metathesis in the usual way (eq 4). We suppose that

kee
n — O1C w(CO0)
¢ ¢ O W n %)

c2

eq 5, a plausible analogue of the transformations above, whose action is

kep etc
c":' + CqHyCHCH —— -\I)—W(CO)“ (5)
CuHs

Py

esgentially the reverse of eq 3, accounts for the quenching.

Figure 1, depicting gel permeation chromatograms of polymers formed
from cyclopentene and varying amounts of phenylacetylene, supports these
ideas, for the intensity of absorption of 400 mm light (which measures
polyphenylacetylene unit:s2 but not polyalkenamerss) parallels the intensity
of refractive index changes (which measures the amount of bulk polymer,
mainly polyalkenamer), implying that polyphenylacetylene and polyalkenamer
units are attached.

An alternative theory for the quemching, involving either the acety-
leune or its polymer combining with ], destroying its initiating ability,
and thereby decreasing the number of polymer chains, might accommodate
this observation, but it cannot be correct because as Figures 1 and 2

show, the molecular weights do not increase with phenylacetylene concen-

tration as they should.s However, 1f eq 5 applies and growing polyphenyl-
acetylenes terminate easily (which seems plausible since polyacetylenes

are commonly found to have much lower molecular woight6'7 than polyalken-

...r'a,g)' then capping a growing polyalkenamer with a phenylacetylene




will indeed increase the probability of its early termination.

The chromatograms also provide data for quantitative analyses of

the equations. They are bimodal (presumably the high molecular weight

E! material is largely polypentenamer9 and the low molecular weight material

polyphenylacetylene6), and, as summarized in Table 1, the ratio of the areas

under the high and low molecular weight peaks monitored by the light ab-

sorption is independent of the amount of phenylacetylene in the reaction

mixture. This accords with our hypothesis since whether a polyphenylace-

tylene chain does or does not have a polyalkenamer attached to it depends

on the concentration and reactivity of the cycloalkene, not the acetylene,

The area ratio therefore measures this reactivity.

The fraction of the phenylacetylene polymerized (measured by the

amount of light absorbed) and the total number of polymer chains (measured

by the yields and molecular weights) are also both independent of the con-

i Tvie e AR

centration of phenylacetylene, implying that the rate of initiation, eq 1,
13,14

is independent of this concentration too.

Assuming that termination involves reaction of two P chains, the slope

of the line in Figure 2 implies that kcp/kcc = 0,125t0,03 and the slope of
15,16

the line ia Figure 1 of the preceding paper that k.pp/kpc = 17055,

(If termination were unimolecular in P, the corresponding figures would be

|
0.178:0.04 and 119:41,)6+17

Similar data for cyclooctene are less complete, but preliminary

cp/kcc is at least 4 times smaller and kpp/kpc at

least 100 times larger.

2 Thus g's, 1ike other clcctrophileo,ls-zo react faster with alkenss

results iaply that k

than with the acetyleme. But the stabilized metal-carbenes P, unlike the

unstabilized C's, discriminate very much more and inversely, which is
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strange,zl but accords with 1 (also a stabilized metal-carbene) reacting
much more quickly with acetylenes than with alkenes.1’7’22’23
Ackngvwledsnentg. We are grateful to Yuan-Chi Ying for assisting with
i'i the experiments with cyclooctene and to the National Science Foundation
{ (CHE-77-22726) and the U.S. Office of Naval Research for support.
Steven J. Lec, Miidula Naip
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Columbia University
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Eigure 1. Gel permeation chromatograms in toluene on u-styragel columns

(exclusion limits 105, 10°, 10%, 103, 500 A°) of the polymer obtained from

18 e 7o

cyclopentene (100 equiv), phemylacetylene (x equiv), and 1 (1 equiv) after i

21.5 h at 50 °C. Analyses were by refractive index (top chromatogram) and

by light absorption at 400 nm (bottom three chromatograms).

Eigure 2. The relationship between the number average molecular weight
of the polypentenamer and the ratio of phenylacetylene and cyclopentene

combined with ] at 50°. The data are from Table 1.
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